The role of healthy lifestyle behavior (HLB) in terms of physical activity, alcohol intake, smoking, and diet put together has not yet been explored for the risk of low back pain (LBP) and neck pain (NP). Our aim was to study if an HLB is protective against the onset of long duration troublesome LBP and NP in men and women. Methods: Two cohorts from the Stockholm Public Health Cohort, free from LBP (n=12,483) and NP (n=10,539), respectively, in 2006, were surveyed with questionnaires. Baseline information about physical activity, alcohol intake, diet, and smoking were dichotomized into being healthy/not healthy and combined in a categorical variable according to the number of healthy behaviors present. Binomial regression analyses were used to evaluate the role of HLB for the outcomes 4 years later. Results: When men with three or four healthy lifestyles were compared to men with none or one, the risk ratio (RR) of LBP was 0.63 (95% confidence interval [CI]: 0.39-1.02). The corresponding RR for LBP in women was 0.86 (95% CI: 0.56-1.32). When men with three or four healthy lifestyles were compared to men with none or one, the RR for NP was 1.13 (95% CI: 0.74-1.71). The corresponding RR for NP in women was 0.52 (95% CI: 0.35-0.77). Conclusion: An HLB seems to be protective for long duration troublesome LBP in men, and for long duration troublesome NP in women.
Introduction
Neck pain (NP) and low back pain (LBP) are huge public health problems due to their high incidence, long duration, and social and economic impact. 1 The 1-year prevalence of NP ranges between 16.7% and 75.1% (mean 37.2%) according to a global review 2 and the prevalence of troublesome (activity limiting) NP lies between 1.7% and 11.5%. 3 For LBP, the calculated 1-year prevalence is around 38% (0.8-82.5). 4 Interest in studying the role of healthy lifestyle behaviors (HLBs) started in the sixties and an early study from the US explored how a number of behaviors correlated with better general health. 5 Further, the impact of lifestyle behavior on health outcomes has been widely studied, mainly in the field of cardiovascular 6 and cancer 7 epidemiology, and it has been shown to be a risk factor for all-cause mortality. 8 Explored risk factors or risk indicators for LBP and NP include among others, female sex, age, psychological distress, depression, and job characteristics. 3, [9] [10] [11] [12] [13] [14] [15] We have published a study submit your manuscript | www.dovepress.com
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Skillgate et al exploring the role of an HLB for the prognosis of occasional LBP showing its importance as a protective factor for long duration troublesome back pain in women. 16 Evidence for the role of lifestyle as a risk factor for these conditions is, in general, scarce and the body of literature exploring such associations consists mainly of cross-sectional studies. Analyses from the National Health and Nutrition Examination Survey showed that smoking was the strongest predictor of LBP, once analyzed with different strata of body mass index (BMI), and that moderate physical activity as well as sedentarism were associated with pain at this location. 17 Another national cross-sectional study from the US shows that physical activity (even at low levels), tobacco use, alcohol intake, sleep quality, and BMI are all associated with LBP. 18 Similarly, studies conducted at a national level in Iran 19 and Canada 20 on LBP, and in Spain on NP, 21 suggest the importance of lifestyle behavior. However, longitudinal studies have shown either weak or nonsignificant associations. [22] [23] [24] Understanding the role of HLB in the risk of LBP and NP may potentially have high impact implications for public health, since this can provide information on prevention strategies for the public.
Previous studies from our group have explored the role of physical activity in the risk 25 and recovery of NP and back pain, 26, 27 suggesting it as having a protective effect in women. Similarly, previous studies on the effect of smoking and alcohol consumption on sick leave due to unspecific LBP or NP showed that the former is associated with an increased risk and the latter suggested neither an association nor a protective effect. 28 Other studies have investigated the role of lifestyle by grouping HLBs (physical activity, smoking, BMI, healthy diet, and alcohol intake) in order to study a set of HLBs as one risk factor instead of treating them as individual exposures. 16, [29] [30] [31] A Swedish register-based cohort on the risk of atrial fibrillation combined information about BMI, physical activity, smoking, and alcohol intake and showed a significant protective effect for both men and women starting from three healthy behaviors. 30 Another study on pancreatic cancer combined five factors (BMI, healthy diet, smoking, alcohol intake, and physical activity) and showed a reduction of risk among men but not among women, starting from four behaviors. 29 Additionally, a meta-analysis examined the effect of different combinations of lifestyle behaviors on mortality, showing high heterogeneity of the definitions, that the effect varied depending on the reference category used, that the inclusion of BMI did not affect the main results, and that there were no differences between sexes. 31 To the best of our knowledge, this way of grouping lifestyle factors into a behavior has not been used before in studies investigating associations with NP and there is only one study on the association of back pain. 32 The aim of this study was therefore to determine whether HLB is protective against the onset of long duration troublesome back pain and NP in adult men and women.
Materials and methods Ethics
All participants provided written informed consent. The present study was approved by the ethics committee at Karolinska Institutet (diary nr 2013/497-32).
Source and study population
This study is based on the Stockholm Public Health Cohort, a population-based cohort study established within the framework of Stockholm County Council public health surveys. Participants filled in an extensive baseline questionnaire and were followed longitudinally for health, lifestyle, and social outcomes via follow-up surveys. A detailed description of this cohort has previously been published. 33 We included individuals (aged 18-84 years) who responded to the baseline questionnaire in 2006 and the follow-up questionnaire in 2010 for the analyses in the present study. The sample was filtered by using two questions from the 2006 questionnaire regarding NP and LBP to define "non-diseased" populations at risk.
In Cohort I, to identify potential participants to include in the study of the risk of long duration troublesome LBP, the question "During the past 6 months, have you had pain in the lower back?" with five possible answers ("no", "yes, a few days in the past 6 months", "yes, a few days per month", "yes, a few days per week," or "yes, every day") was used. Those who answered "no" were considered to be free from LBP and therefore formed the study population at risk for LBP. For cohort II participants, to study the risk of long duration troublesome NP, the question "During the past 6 months, have you had pain in the neck, the shoulders, or the arms?" was used, with equal response options as for the question to identify cohort I. Those who answered "no" were considered to be free from NP and therefore formed the study population at risk for NP. Furthermore, those with incomplete information about the exposure were excluded from Cohorts 1 and 2. These two cohorts are not mutually exclusive ( Figure 1 
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Lifestyle and neck and back pain was dichotomized using 150 minutes of physical activity at moderate intensity or 75 minutes at high intensity per week, or a combination of these as cutoff points based on two questions: the first one asking for the level of intensity of physical activity and the other one using the number of days of physical activity per week. 34 Smoking was assessed by asking whether the person smoked daily or not. 35 Alcohol intake was evaluated with various questions: the person was asked to fill in the amount, type, and frequency of average consumption of various alcoholic drinks. The amount of grams of alcohol consumed per week was then calculated from these data. The value was dichotomized following World Health Organization recommendations on no risk consumption of alcohol (≤168 g 100% alcohol/week for men and ≤108 g 100% alcohol/week for women). 36 Consuming alcohol corresponding to approximately half a bottle of spirits on the same occasion less than once a month was also classified as no risk drinking. Healthy diet was dichotomized using the cutoff point of four portions of fruits and vegetables per day. 37 Finally, a three categories variable was built according to the number of variables and regardless of the type of habit. These categories are none or one healthy behavior (reference category), two behaviors, and three and/or four healthy behaviors.
Outcomes
There are two outcomes in this study: long duration troublesome LBP and long duration NP. These categorizations were based on the following questions in the questionnaire from 2010: "During the past 6 months, have you had pain in the 
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Skillgate et al lower part of the back" (Cohort I) and "During the past 6 months, have you had pain in the upper part of the back or neck?" (Cohort II). Those who answered "yes, a couple of days per week" or more often, and additionally reported at least some extent of interference in their daily activities including work were considered to have the outcomes of interest. The question was "Has such pain caused a decreased ability to work or impairment in daily activities?". The answer alternatives were yes, to a high extent; yes, to some extent; and not at all.
Potential confounders
A number of potential confounders obtained from the literature 3, 15, [38] [39] [40] [41] and from clinical considerations were considered for the association between exposure and outcome ( Table 1) .
Statistical analyses
Analyses were performed separately for each of the two subcohorts and stratified by sex. Cross-tabulation was done for the variables of interest to describe the study subpopulations. Generalized linear models with a binomial link function were used to estimate the association between exposure and outcome, and to test for and adjust for confounding. The results are presented as risk ratio (RR) together with 95% confidence intervals (CI). Potential confounders were entered to the model one at a time. If a factor made a change of at least 5% on the RR, it was included in the final multivariable model. This procedure was performed separately for men and women and for each cohort. All the computations were executed with Stata v. 13.0 (StataCorp LP, College Station, TX, USA).
Results
Prevalence of HLBs at baseline
In Cohort I (risk of LBP), 23% (19% women and 27% men) reported no or one HLB at baseline. The prevalence of two HLBs was 42% (women 39%; men 44%), the prevalence of three was 28% (women 31%; men 26%), and the prevalence of four was 7% (women 11%; men 3%). 
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In Cohort II (risk of NP), 23% (19% women and 27% men) reported no or one HLB at baseline. The prevalence of two HLBs was 41% (women 39%; men 44%), the prevalence of three was 28% (women 31%; men 25%), and the prevalence of four was 8% (women 11%; men 4%).
Risk of LBP
For cohort I (risk of LBP), women accounted for 50% of the population at risk and represented a higher proportion in the upper category of the exposure, and the mean age was 48 years. The most common social class corresponded to intermediate nonmanual employees and professionals ( Table 2 ). The proportion that at the follow-up in 2010 had developed LBP that was long-lasting and troublesome was 3% (n=379) (3% of men and 4% of women).
An RR of 0.72 (95% CI: 0.53-0.98) was observed for those with three or four HLBs in comparison to those with none or one, in the group of all individuals. In the sexstratified analyses, the corresponding figure for men was 0.63 (95% CI: 0.39-1.02), and 0.86 (95% CI: 0.56-1.32) for Notes:
a Each category corresponds to the answer provided to the question on economic stress as presented in Table 1 : no in the last 12 months (no economic stress), in one occasion in the last 12 months (occasional economic stress), and in various occasions in the last 12 months (often economic stress).
b Similarly, personal and practical support correspond to the answers provided as presented in Table 1 . Yes, always (always gets help/personal support); yes, most of the time (often gets help/personal support); no, not most of the time (rarely gets help/personal support); no, never (never gets help/personal support). 
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Skillgate et al women (Table 3 ). For individuals with two HLBs, the RR was 0.87 (95% CI: 0.65-1.16).
Risk of NP
For cohort II (risk of NP), women accounted for 43% of the population at risk and represented a lower proportion in the first two categories of the exposure. The mean age was 49 years. The most common social class corresponded to intermediate nonmanual employees and professionals (Table 4) . The proportion that at the follow-up in 2010 had developed NP that was long-lasting and troublesome was 5% (n=464) (5% of men and 6% of women).
An RR of 0.79 (95% CI: 0.59-1.06) was observed for those with three or four HLBs in comparison to those with none or one, in the group of all individuals. In the sexstratified analyses, the corresponding figure for men was 1.13 (95% CI: 0.74-1.71), and for women was 0.52 (95% CI: 0.35-0.77) ( Table 5 ). For individuals with two HLBs, the RR was 1.05 (95% CI: 0.81-1.37).
Discussion
Our study indicates that HLB in a group free from pain in the lower back and neck, respectively, may protect against long duration troublesome pain in the back or neck 4 years later. The effect tends to differ between sexes, since sex-stratified analyses showed a more explicit protection from LBP in men and a more explicit protection from NP in women.
As stated in the "Introduction" section, the combined effect of lifestyle behaviors has not been widely studied in relation to the risk of LBP or NP. In our previously published study, also based on the Stockholm Public Health Cohort 2006-2010, we used similar definitions to operationalize the exposure (used "none" healthy behaviors instead of "none or one" as reference category and there were in total five instead of three categories) to study the prognosis of occasional LBP, for the risk of troublesome LBP. 16 The study showed that women with healthier lifestyle behavior had a better prognosis compared to their male counterparts, and no significant association was observed among men. Even though the study concerned the risk of a worse prognosis instead of the risk of actually getting LBP, its results contrast those of the present study since no clear effect in women was found. A study by Pronk et al, that compared the combined effect of healthy behaviors on the risk of back pain, showed a protective effect for those in the category of four and three healthy behaviors; 32 nonetheless, that study had a risk of selection bias due to the so-called healthy worker effect. 
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Lifestyle and neck and back pain Some considerations should be made concerning the classification of exposures in our study when interpreting the results. A more detailed categorization of HLB has been used in previous studies, 31 but that would require an even larger study population for sufficient statistical power. Although efforts were made to capture a valid measure of lifestyle behavior, measurement error and misclassification of exposure may be present. For instance, smoking was measured with a yes/no question about daily smoking, which is a rough measure of such exposure. By categorizing former Each category corresponds to the answer provided to the question on economic stress as presented in Table 1 : no in the last 12 months (no economic stress), in one occasion in the last 12 months (occasional economic stress), and in various occasions in the last 12 months (often economic stress). Similarly, personal and practical support correspond to the answers provided as presented in Table 1 . Yes, always (always gets help/personal support); yes, most of the time (often gets help/personal support); no, not most of the time (rarely gets help/personal support); no, never (never gets help/personal support). c Psychological distress was calculated and dichotomized based on 12 questions from the General Health Questionnaire, using the scoring system 0-0-1-1, with ≥3 points indicating the presence of it. Abbreviations: NP, neck pain; HLB, healthy lifestyle behavior; SD, standard deviation.
smokers as nonsmokers and smokers who only smoke a few cigarettes a day as smokers, we might have introduced a misclassification of this exposure, which most likely would be non-differential, thus diluting the associations.
One study derived from our literature review included diet as a potential risk factor. It considered animal protein intake instead of fruit and vegetable consumption and showed a negative association with LBP. 45 The rationale behind these findings is, however, not clear, but opens up the discussion on whether other components of diet such as fish, whole grains, Clinical Epidemiology 2017:9 submit your manuscript | www.dovepress.com
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Skillgate et al legumes, sweetened beverages, or sodium might play a more direct role in the pathophysiology of pain.
The time between the measurement of exposure and the outcome was 4 years, and lifestyle behaviors might have changed over this period. Since the study aimed to investigate the association between HLB in the previous 12 months and the risk of pain 4 years later, such changes of exposure status may not be considered a source of bias in this study. Nevertheless, information bias cannot be excluded, being likely non-differential in its nature, with a risk of dilution of a true association. Regarding this, we think it is unlikely that such potential bias differs by sex. In a similar way, and considering the fluctuating characteristic of NP and LPB, there is a risk of misclassification of the outcome, especially considering that some individuals might be indecisive between reporting "a couple of days per week" or "a couple of days per month". Such misclassification of the outcome is most probably non-differential in its nature, leading to dilution of a true association.
One strength of this study is the relative large sample size which permitted exploring the risk along different levels of HLB. The longitudinal design allowed a temporal relation of risk between the studied exposure and the outcomes. We have considered a long row of potential confounders in this study, but we cannot rule out that there is unmeasured or residual confounding. These include passive smoking, which was not addressed in the Stockholm Public Health Cohort questionnaire and has been reported as a potential factor associated with pain in the knee, neck, and/or back; 19 specific psychiatric diagnoses; 46 or specific occupations. 47 The response rate for the baseline questionnaire was 67% in women and 56% in men 33 and 2%-3% of the responders at baseline had missing values at questions about the exposure. Nonparticipation at baseline is not likely to create a selection bias in a prospective etiological study. The response rate between 2006 and 2010 was acceptable (around 75%), but there is still a risk for selection bias. By comparing those who did and did not respond to the follow-up questionnaire, we found that the former had a higher compliance to better lifestyle behavior (37% of those who remained in the cohorts had three or four HLBs in comparison to 30% in those who withdrew). If the nonresponders also had a higher occurrence of the outcome compared to the responders, our results may be somewhat underestimated.
A methodological consideration is that we have interpreted our results as the presence of an association between HLB and LBP/NP despite the results not always being statistically significant. Various authors have previously addressed 
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Lifestyle and neck and back pain this discussion in epidemiological journals encouraging researchers to consider the interplay of factors beyond the results of statistical testing. 48, 49 Therefore, the authors consider that this study has enough elements to support the presence of an association.
No single explanation can be given to the potential mechanism behind the protective association between HLB and risk of developing NP or LBP, but rather it is likely that there is an interaction of emotional, biochemical, and mechanical components. For instance, individuals with a healthy lifestyle might feel more confident on their decreased risk of chronic diseases or their ability to overcome pain; the protective effect of HLB might be mediated by low-grade inflammation; and individuals with HLB are more likely to be fitter, less obese, and more self-conscious in general. Likewise, given that it is unknown how long the induction period for NP or LBP is, no theory provides sound support in this case.
It is hard to explain sex differences of the effect observed in this study. It is well known that differences between men and women exist in terms of pain characteristics and/or intensity for chronic nonspecific pain. In inflammatory arthritis, for example, women have more often peripheral instead of axial pain, and in disc herniation, they often have more radiating pain. 13, [42] [43] [44] However, such differences in the occurrence of pain does not explain why lifestyle may have a differential degree of protection by sex and pain location. This, however, might in fact just be a chance finding. Although a different cutoff point was used to define risky consumption of alcohol by sex, the cutoff follows international recommendations and does not explain the discordant results in this study.
Conclusion
A HLB seems to be protective for the risk of developing long duration troublesome LBP in men and long duration troublesome NP in women. Authors recommend the promotion of a healthy lifestyle for both men and women given the evidence regarding its benefits for these and other health conditions.
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